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INTERACTING DRIVER DESIGN 

Bacl^round of Invention 

[0001] A typical computer system includes at least a microprocessor and some 
form of memory. The microprocessor has, among other components, arithmetic, 
logic, and control circuitry that interpret and execute instructions necessary for the 
operation and use of the computer system. Figure 1 shows a typical computer 
system (10) having a microprocessor (12), memory (14), integrated circuits (16) 
that have various functionalities, and conmiunication paths (18), i.e., buses and 
wires, that are necessary for the transfer of data among the aforementioned 
components of the computer system (10). 

[0002] The various computations and operations performed by the computer 

system are facilitated through the use of signals that provide electrical pathways 
for data to propagate between the various components of the computer system. In 
a general sense, the passing of data onto a signal may occur by either raising the 
voltage of the signal or reducing the voltage of the signal. When the voltage is 
raised, the signal is said to be at a "logic high," and when the voltage is reduced, 
the signal is said to be at a "logic low." Changes in the voltage value of a signal 
are accomplished by charging and discharging capacitors associated with the 
signal wire on which the signal resides. A capacitor with a potential difference 
across its terminals is considered to be a charged capacitor, and a capacitor with 
no potential difference across its terminals is considered to be a discharged 
capacitor. Therefore, a charging event is described as a process by which potential 
difference is created across the terminals of a capacitor by delivering charge to the 
capacitor. A discharging event is described as a process by which the potential 
difference across the terminals of a capacitor is removed by removing the charge 
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Stored in the capacitor. 

[0003] Because signals within an integrated circuit are often in close proximity to 

each other, there is a propensity for the behavior of one signal to affect the 
behavior of another signal. This occurs due to intrinsic capacitances (also referred 
to and known as "cross-coupling capacitance") that develop between signals at 
different logic levels. For example, some amount of cross-coupling capacitance is 
likely to develop between two signals that are relatively close together, where one 
signal is at a logic high and the other is at a logic low. When one of the signals 
switches state, noise may be injected on the other signal, causing the other signal 
to glitch, i.e., an electrical spike occurs. Such undesired behavior on the non- 
switching signal may lead to performance degradation because the noise injected 
on the non-switching signal can propagate to other parts of the processor causing 
timing failures and/or circuit malfunction. 

[0004] An approach that designers have used to combat such cross-coupling 
capacitance induced behavior involves the use of wires to "shield" a signal from 
other signals. The purpose of shielding is to place wires next to the signal wire 
that do not make any transitions. To this end, Figure 2 shows a typical signal 
shield implementation- In Figure 2, a signal driver (20) outputs a signal (22) that 
is shielded by a first wire (24) and a second wire (26), where the first wire (24) is 
operatively connected to logic high, i.e., a voltage source (28), and the second wire 
(26) is operatively connected to logic low, i.e., ground (30). The signal driver (20) 
is also connected to power supply terminals (36, 38); however, the power supply 
terminals (36, 38) of the signal driver (20) may be different from the power supply 
terminals (28, 30) of the shield wires (24, 26). In any event, the placement of the 
shield wires (24, 26) creates capacitances (32, 34) between the respective shield 
wires (24, 26) and the signal wire (22). In sum, because of such a signal shield 
implementation, other signals in close proximity to the signal (22) are not affected 
by the switching behavior of the signal (22) due to the fact that the signal (22) is 
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shielded by wires (24, 26) that have constant values when the signal (22) switches 
state. 

[0005] Referring now to Figure 2b, when the signal (22) transitions from low to 
high, charge is delivered from the power supply terminal (36) of the signal driver 
(20) to the signal (22) and on to the second wire (26). As shown by the charge 
paths in Figure 2b, charge flows through the capacitors (34) between the signal 
(22) and the second wire (26) to the ground terminal (30) of the second wire (26). 
Thus, in effect, the capacitors (34) between the signal (22) and the second wire 
(26) get charged. Altematively, as shown by the discharge paths in Figure 2b, the 
delivery of charge to the signal (22) causes the capacitors (32) between the signal 
(22) and the first wire (24) to discharge due to the capacitors (32) getting subjected 
to equal voltage terminals. 

[0006] Referring now to Figure 2c, when the signal (22) transitions from high to 

low, charge is delivered from the power supply terminal (28) of the first wire (28) 
to the signal (22) and to the ground terminal (38) of the signal driver (20). As 
shown by the charge paths in Figure 2c, charge flows through the capacitors (32) 
between the first wire (24) and the signal (22) to the ground terminal (38) of the 
signal driver (20). Thus, in effect, the capacitors (32) between the first wire (24) 
and the signal (22) get charged. Altematively, as shown by the discharge paths in 
Figure 2c, the delivery of charge to the signal (22) causes the capacitors (34) 
between the signal (22) and the second wire (26) to discharge due to the capacitors 
(34) getting subjected to equal voltage terminals. 

[0007] Referring now to both Figures 2b and 2c, because charge is drawn by 
particular capacitors when the signal driver (20) switches the state of the signal 
(22), a charging event is said to be a "global event" in that the charging of the 
capacitors by the signal (22) interacts with the distribution of charge to capacitors 
positioned elsewhere in an integrated circuit. In other words, a charging event 
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requires charge sharing among particular capacitors in the integrated circuit. 
Thus, during a charging event, there is a potential chance of switching drivers 
interacting with each other and adversely affecting the performance and behavior 
of other signal drivers. 

Summary of Invention 

[0008] According to one aspect of the present invention, an integrated circuit 
comprises a signal driver that generates a signal, a first wire disposed adjacent to 
the signal, and shield control circuitry that generates a value on the first wire such 
that a transition on the signal causes a discharge of capacitance between the signal 
and the first wire. 

[0009] According to another aspect, an integrated circuit comprises driving means 

for generating a signal, and shielding control means for actively controlling a 
value of wires shielding the signal such that the driving means only participates in 
discharge events. 

[0010] According to another aspect, a method for non-interactively driving a signal 
comprises after a signal has transitioned to a first voltage potential, charging a 
capacitor by driving a wire to a second voltage potential, where the wire shields 
the signal; and discharging the capacitor when the signal transitions to the second 
voltage potential. 

[0011] Other aspects and advantages of the invention will be apparent from the 
following description and the appended claims. 



[0012] 
[0013] 



Brief Description of Drawings 

Figure 1 shows a typical computer system. 

Figure 2a shows a typical signal shield implementation. 
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[0014] Figure 2b shows charge flow during a low to high signal transition in the 
typical signal shield implementation shown in Figure 2a. 

[0015] Figure 2c shows charge flow during a high to low signal transition in the 
typical signal shield implementation shown in Figure 2a. 

[0016] Figure 3 a shows a signal shielding implementation in accordance with an 
embodiment of the present invention. 

[0017] Figure 3b shows a timing diagram in accordance with the embodiment 
shown in Figure 3a. 

Detailed Description 

[0018] Embodiments of the present invention relate to an apparatus for shielding 
signals using non-interacting drivers and active shields. Embodiments of the 
present invention further relate to a method for dynamically shielding a signal so 
as to make a signal driver of the signal non-interacting with another signal driver. 

[0019] More particularly, the present invention relates to a signal shielding 
implementation in which active shields are used such that a driver of a signal 
always performs a discharge event. A discharge event, as opposed to a charging 
event, requires the flow of current through local loops. This type of event is non- 
interacting with respect to one or more signal drivers because discharge events are 
not global events. In other words, a signal driver that always performs discharge 
events does not interact with, or otherwise adversely affect, other signal drivers. 
In order to ensure that the signal driver always performs a discharge event, the 
present invention uses circuitry to dynamically control the value of wires that 
shield the signal such that the shield wires are always at a voltage potential of a 
final value of an active transition on the signal. 

[0020] Those skilled in the art will appreciate that for purposes of the present 
invention, references to a "signal driver" may refer to a transistor, a gate, or any 
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Other circuit component that outputs, or drives, a signal. 

[0021] Figure 3a shows an exemplary signal shielding technique in accordance 
with an embodiment of the present invention. In Figure 3a, a signal driver (40) 
generates a signal (42) that is shielded by wires (44) having the same value. In 
other words, the shield wires (44) on either side of the signal (42) are connected. 
Cross-coupUng capacitors (46) are implicitly positioned between the signal (42) 
and the shield wires (44). 

[0022] A shield control stage (48) formed by a delay element (50) and a shield 
driver (52) is used to charge the capacitors (46) in advance of a discharge event 
initiated by the signal driver (40). For example, if the signal (42) is initially low, 
and then later on the signal driver (40) causes the signal (42) to transition to high, 
the shield control stage (48), prior to the signal driver (40) driving the signal (42) 
high, sets the value of the shield wires (44) high to ensure that the transition of the 
signal (42) to high causes a discharge event. Altematively, if the signal (42) is 
initially high, and then later on the signal driver (40) causes the signal (42) to 
transition to low, the shield control stage (48), prior to the signal driver (40) 
driving the signal (42) high, sets the value of the shield wires (44) low to ensure 
that the transition of the signal (42) to low causes a discharge event. 

[0023] The delay element (50) in Figure 3a is used to generate a delay that 
compensates for signal propagation time on the signal (42), and which then 
initiates a charging event on the shield wire (44). For example, when the signal 
driver (40) drives a logic low onto the signal (42), the shield control stage (48) 
subsequently sets the value of the shield wires (44) to high in preparation for the 
next active transition on the signal (42). Thus, the delay generated by the delay 
element (50) is used to ensure that there is enough time for the initial low value on 
the signal (42) to propagate down the signal (42) before the shield control stage 
(48) sets the high value on the shield wire. This helps ensure that the signal driver 
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(40) only performs discharge events. 

[0024] Those skilled in the art will appreciate that a delay, for the purposes 
described above, may also be generated by other synchronous and/or 
asynchronous signals. Further, those skilled in the art will appreciate that the 
shield driver (52) may be any type of inverting gate or circuit. 

[0025] Figure 3b shows an exemplary timing diagram in accordance with the 
embodiment shown in Figure 3a. Particularly, Figure 3b shows timing waveforms 
for the signal (42) (labeled in Figure 3b as signal) and the shield wires (44) 
(labeled in Figure 3b as shield). 

[0026] In Figure 3b, the signal (42) is initially low and the shield wires (44) are 
high. Thus, the capacitors (46) between the signal (42) and the shield wires (44) 
are being, or are already, charged up. Then, the signal (42) transitions high (60). 
At this point, the signal (42) and the shield wires (44) are at the same potential, 
and thus, the capacitors (46) are discharged. As the high transition propagates 
down the signal (42) and as the capacitors (46) discharge, the shield control stage 
(48) causes the shield wires (44) to transition low (62). 

[0027] As the shield wires (44) transition low (62), the capacitors (46) are charged 
back up due to the signal (42) and shield wires (44) being at different potentials. 
Thus, in effect, the shield wires (44), and not the signal (42), initiate the charging 
events. When the signal (42) transitions low (64), the low value on the signal (42) 
causes the discharge of the capacitors (46) because the shield wires (44) are also 
low. As the low transition propagates down the signal (42) and as the capacitors 
(46) discharge, the shield control stage (48) causes the shield wires (44) to 
transition high (66) in preparation for the next transition on the signal (42). 

[0028] Thus, as evident from the timing diagram in Figure 3b, active transitions on 
the signal (42) always cause discharge events, and thus, the signal driver (40) is 
non-interacting with respect to other driver devices due to the signal driver (40) 
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not participating in charging events. Further, the shield control stage (48) actively 
controls the value on the shield wires (44) to ensure that the signal driver (40) 
participates only in discharge events. 

[0029] Advantages of the present invention may include one or more of the 
following. In some embodiments, because a signal driver only performs discharge 
events, the signal driver may be non-interacting with respect to other signal 
drivers. 

[0030] In some embodiments, because a signal driver that drives an actively 
shielded signal does not participate in charging events, the signal driver does not 
interact with other transitioning components in close proximity to the signal 
driver. 

[0031] In some embodiments, because a signal driver is non-interacting, noise and 
variations in delay on the signal driven by the signal driver may be reduced, or 
eliminated, effectively increasing integrated circuit performance. 

[0032] In some embodiments, because behavior of a signal driver is isolated from 
other driver devices, noise and variations in delay on the signal driven by the 
signal driver may be reduced, or eliminated, effectively increasing integrated 
circuit performance. 

[0033] While the invention has been described with respect to a limited number of 
embodiments, those skilled in the art, having benefit of this disclosure, will 
appreciate that other embodiments can be devised which do not depart from the 
scope of the invention as disclosed herein. Accordingly, the scope of the 
invention should be limited only by the attached claims. 
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